Persistent infection of the central nervaus system (CNS) with measles virus (MV) is associated with characteristic restrictions of viral envelope gene expression as documented in subacute sclerosing panencephalitis (SSPE), measles inclusion body encephalitis (MIBE), or subacute measles encephalitis (SAME) in rats. Todetermine whether these restrictions are the result of a lang Iasting virus-hast cell interaction or primarily based on intrinsic brain cell factors MV gene expression was analyzed in primary rat astroglial cultures. lt could be shown that MV infection of these cells led to a defective replication cycle with a reduced synthesis of viral envelope proteins and a steep expression gradient of the monocistronic viral mRNAs similar to the findings in brain tissue of SSPE, MI BE, and SAME. This restriction of MV gene expression has not been observed in cells of nonneural origin. We suggest that this cell-type specific regulation of MV gene expression contributes to early events in the establishment of MV persistent infection in CNS tissue. © 1990
Measles virus infection in man may Iead to ehrenie CNS diseases such as subacute sclerosing panencephalitis (SSPE) and measles inclusion body encephalitis (MISE) (1, 2). These CNS disorders develop months or years after acute measles on the basis of a persistent MV infection in neurons and glial cells. Recently, molecular biological studies characterizing the state of MV persistence in brain tissue obtained at autopsy revealed a restriction of MV envelope genes as a result of transcriptional and translational defects (3) (4) (5) . Some of these defects could be explained by mutations of MV genes which were seen in several of the cases studied (6) . ln addition, experimental infection of Lewis rats with a neurotropic strain of MV have shown in both acute (AE) and subacute encephalitis (SAME) after only short incubation periods the presence of molecular biological changes similar to those seen in SSPE or MISE (7, 8) . Obviously, the Ieng Iasting MV persistence is not required for the development of a restriction of MV gene expression. Moreover, it has been obseNed that antiviral antibodies either passively transferred to MV-infected newborn rats or developing in the course of MV infection in older rats also have a profound inhibitory effect on MV replication in brain tissue indicating a complex interaction between virus and host cell in the establishment of a CNS infection (9) .
These findings led us to analyze MV replication in rat brain cell cultures in order to determine whether restrictions of MV gene expression occur only du ring infection in an intact hast or also in tissue culture medi- 1 To whom requests for reprints should be addressed.
ated by the activity of intrinsic cellular factors. Forthis purpese we used primary astroglial cell cultures from newborn Lewis rats as previously described ( 1 0), that stained for GFAP (>95o/o) and for the type 1 astrocytespecific antigen Ran2 (89-93%) and for A2S5-type 2 astrocyte-specific antigen (8-11 %) as determined by indirect immunofluorescence of monolayer cultures or by cytofluorographic (FACScan) analysis of trypsinized cells. Cantamination by other cell types expressing Fe receptors, neur-ofilaments, and galactocerebroside was in the order of 5%. Following infection of such cultures with different input multiplicities (m.o.i. ranging from 0. 1 to 5) with either the neurotropic rat brainadapted CAM/RSH ( 11) or the nonneurotropic Edmonston strain of MV, only 30% of the cells were infectable as demonstrated by immunofluorescence 24 hr p.i. (postinfection) ( Table 1 ). The number of infected cells decreased to 1 Oo/o by Day 3 p.i., and to about 5% by Day 6 p.i. The yield ot infectious virus was very low ranging from 0.01 to 0.001 PFU per infected cell 24 to 48 hr p.i., respectively. Only slightly higher amounts of cell-associated virus could be rescued by cocultivation with Vero cells (data not shown). ln cantrast to MV-infected Vero cells, which are highly permissive for MV and produce up to 5-1 0 PFU/infected cell (data not shown), no cell fusion or giant cell formation could be detected in the infected astroglial cultures.
The expression of the individual MV structural proteins in relation to the N protein was investigated by applying a double immunofluorescent technique using mixtures of different monoclonal antibodies against N, P, M, F, and H proteins as previously described {4). ln Table 1 ) . By Day 14, only N and P proteins could be detected. ln control cultures of infected Vero cells, all of these MV structural proteins were detectable in each ot the infected cells.
The occurrence of restricted MV gene expression in the infected astroglial cultures within 24 hr p.i. suggested a regulation of viral replication by a host cellspecific factor(s). Therefore, synthesis and stability of MV structural proteins were assessed by pulse labeling EDM-MV-infected Vero cell and astroglial cultures with [
35 S]methionine 48 hr p.i. as described previously {12, 13). lmmediately after labeling, H, P, N, F,, and M protein and cellular actin could be precipitated from the lysates obtained from both infected cell systems (Fig.  1 ) . ln lysates from infected Vero cells, all of these MVspecific proteins except the F 1 and M were still detectable after a chase period of 24 hr (Fig. 1 a, lane 7) . ln lysates from EDM-MV-infected astroglial cultures the signal intensities for all MV structural proteins were lower than in lysates from Vero cells. A decrease in signal intensity for the N and M protein could be seen after 5 hr of chase ( Fig. 1 b, lane 6 ) whereas H and P protein appeared to be more stable and were still visible after a 24-hr chase {Fig. 1 b, lane 8). The higher stability of the H protein could probably explain the finding that infected as1roglial cells express H protein up to 6 days p.i. [fable 1 ). Analogaus results were seen with the CAM/RBH strain of MV (data not shown). The electrophoretic mobility of MV structural proteins synthesized in the astroglial and Vero cell cultures were similar (Fig.  1 ) . Since we had no evidence for a decreased stability of MV envelope proteins as an explanation for their failure to be detected in vivo, the transcription of MV-specific polyadenylated (+pA) RNAs was analyzed in EDMand CAM/RBH-infected astroglial cultures. Total RNA was extracted at 48 hrp.i., +pA selected, and analyzed by Northern blots using strand-specific RNA probes specific for the N-, P-, M-, F-, and H-mRNA as described previously (8) . ln order to quantify the signals obtained, a mixture of Standard RNAs was included in each experiment ( 14) (Fig. 2) . ln samples derived either from CAM/RBH (Fig. 2b) -or EDM-infected (Fig. 2c) astroglial cultures at 48 hr p.i., a significantly steeper expression gradient than in the control Vero cell-derived RNA (Fig. 2a) was observed with an attenuation of transcriptional efficiency starting at the P gene and affecting particularly the mRNAs for the envelope genes M, F, and H.ln +pA-RNA isolated from CAM/RBH-infected astroglial cells an F-specific transcript migrating faster than the monocistronic mRNA appeared (Fig. 2b, lane  4, X band) . This transcript could not be detected in noninfected or EDM-infected astroglial cells nor in CAM/ RBH-or EDM-infected Vero cells. ln addition, a higher percentage of polycistronic transcripts compared to the lytic infection was visible. A quantitative analysis of the Northern blots revealed that the expression of the N gene was severely reduced in the astroglial cultures to a Ievei of 1.6 and 3% of the Vero cell control [fable 2). The relative expression of the structural genes in relation to the N gene (expression of the N gene is set to 1 00%) was reduced to 39 and 43% for the P gene (control: 78%), to 29 and 30% for the M gene (control: 56%), and 14 and 18% for the F gene (control: 42%). Due to the low signal intensity, exact quantification of the H-mRNA-specific Signals from astroglial cultures was not possible. The biological activity of the envelope protein-specific mRNAs could not be tested in our in vitro translation system due to the low concentration of these RNAs. However, translational modification as an explanation for the Iack of viral envelope proteins seems rather unlikely since the corresponding proteins were expressed within 24 hr in approximately 50% of the infected astroglial cells {Table 1) and their synthesis could be detected 48 hr p.i. (Fig. 1 b) . Hypermutational events as a mechanism for translational defects as recently described for MV M gene (6, 15) cannot be ruled out. The reproducibility of the restrictions observed in several independent experiments and the general effect on the expression of all envelope proteins, however, strongly argue against hypermutational events as described. The finding of transcriptional alterations tagether with a highly restricted expression of the viral envelope proteins in astroglial cells is very similar to the findings in persistent MV infection of brain tissue in man and rats (3) (4) (5) 8) . The short time course for the development of the restrictions indicates that hast cell-specific factors may play a role. This interpretation is supported i. RNA samples were separated on a 1.5% formaldehyde-containing agarase gel and hybridization was performedas described previously (8) using [ 32 P]CTP-Iabeled RNA probes specific forthe N, P, M, F, and H gene (14) . The open triangles indicatethe position of the synthetic standard RNA transcripts (14) (2000 copies for N, P, M, and Fand 400 for H) in each lane; the solid black triangles, the position of the monocistronic mRNA transcripts; and the bars, the postion of the polycistronic transcripts. The x-labeled signal in lane 4 (b) marks the shorter F-specific transcript. Note. Following autoradiography of the Northern blots shown in Fig. 2 . signals for the monocistronic RNAs and the corresponding standard RNAs were excised from the nitrocellulose filters and radioactivity retained was determined by scintillation counting. Values obtained for the expression of the individual mRNAs were determined either as copy numbers per 1 0 pg RNA (c) or as relative expression frequencies in relation to the N gene expression (%) in each sample (expression of the N mRNA is set to 1 00%) as previously described (8) . The target of cell type-specific restriction seems to be predominantly at the Ievei of transcription of viral mRNAs. One mechanism for obtaining a steep expression gradient for polyadenylated subgenomic mRNAs could be the overproduction of nonpolyadenylated transcripts. However, we have not been able to show the presence of detectable amounts of nonpolyadenylated transcripts in the -pA fraction derived from the infected astroglial cultures (data not shown}. A second possible mechanism, a decreased stability of the virusspecific transcripts in the brain cells, could not be studied, since primary astroglial cell cultures are not very susceptible to MV infection and attempts to Iabei MVspecific transcripts in vivo sufficiently failed. However, since degradation products of the monocistronic mRNAs were not visible on the Northern blots, we feel that degradation may not play a major role unless it occurs so rapidly that intermediate degradation products cannot be detected (Fig. 2} . The X band in Fig. 2b which is rather distinct and specific may indicate a premature termination of transcription rather than degradation. Finally, the obseNed higher production of polycistronic instead of monocistronic transcripts in infected astroglial cells (Figs. 2b and 2c) would provide an alternative mechanism to regulate the amount of monocistronic transcripts. lt is conceivable that the viral polymerase complex and its activity are the targets for the cell typespecific restriction. While the Land P protein in lysates from the infected astroglial culture (Fig. 1 b) do not reveal gross differences in their electrophoretic mobility compared to the corresponding proteins synthesized in the Vero cell (Fig. 1a} , post-translational modifications, however, could have occurred and influenced the activity of the complex in the initiation and elongation of MV transcripts as shown for VSV ( 17) .
lndeed, it has been shown recently that host cell restrictions for the transcriptional activity do exist for the segmented negative strand LaCrosse RNA virus (18) . ln this study it was shown that viral transcription was dependent on the presence of cellular protein synthesis in particular host cells. The characterization of cell type-specific factors regulating MV gene expression will provide important information for the understanding of the establishment and the reactivation of persistent infections in cells of the centrat neNous system. For further studies it will be necessary to analyze these aspects in permanent astroglial celllines that are susceptible for MV infection.
